pyogenes (Lancefield group A) and Streptococcus sanguis, which induce beta and alpha hemolysis, respectively, were used as positive controls.
Hemolysin production was evaluated using a modification of the plate assay described by Manns et al. (10) . In brief, the isolates were recovered from distilled water stored at Ϫ40°C. A loopful of the stock culture was streaked onto Sabouraud dextrose agar and incubated at 37°C for 18 h. The resultant cultures were harvested and washed with sterile saline, and a yeast suspension with an inoculum size of 10 8 cells/ml was prepared using hemocytometric counts (12) . Ten microliters of this suspension was spot inoculated on a sugar-enriched sheep blood agar medium so as to yield a circular inoculation site of about 5 mm in diameter. The latter medium was prepared by adding 7 ml of fresh sheep blood (Hemostat, Dixon, Calif.) to 100 ml of Sabouraud dextrose agar supplemented with 3% glucose (final concentration, wt/vol; Merck, Darmstadt, Germany). The final pH of the medium so prepared was 5.6 Ϯ 0.2. The plates were incubated at 37°C in 5% CO 2 for 48 h. The presence of a distinct translucent halo around the inoculum site, viewed with transmitted light, indicated positive hemolytic activity. The diameters of the zones of lysis and the colony were measured with the aid of a computerized image analysis system (Quantimet 500 Qwin; Leica, Cambridge, United Kingdom) (18) , and this ratio (equal to or larger than 1) was used as a hemolytic index to represent the intensity of the hemolysin production by different Candida species. The assay was conducted in quadruplicate on two separate occasions for each yeast isolate tested.
An additional experiment was performed to determine the effect of the glucose supplement on the hemolysin production by incubating a total of 12 hemolysin-positive yeasts in glucosefree blood agar medium.
At 48 h postinoculation, two different types of hemolysis could be observed circumscribing the yeast "colony" when viewed with transmitted light (Fig. 1) . The first was a totally translucent ring identical to beta hemolysis produced by the control strain of beta-hemolytic S. pyogenes, and the second was a greenish-black halo comparable to alpha-hemolysis observed with the control strain of S. sanguis. Hence, the terms alpha hemolysis and beta hemolysis were used as descriptive terms to indicate incomplete and complete hemolysis, respectively, associated with the Candida strains tested.
At 24 h postinoculation, only alpha hemolysis was observed surrounding the inoculum sites with all strains of the Candida spp. C. albicans, C. dubliniensis, C. kefyr, C. krusei, C. zeylanoides, C. glabrata, C. tropicalis, and C. lusitaniae. However, after further incubation for 48 h the zone of hemolysis enlarged and showed dual zones, i.e., an internal zone of beta hemolysis surrounded by a peripheral zone of alpha hemolysis (Fig. 1) .
A total of nine Candida isolates belonging to C. famata, C. guilliermondii, C. rugosa, and C. utilis exhibited only a zone of alpha hemolysis despite prolonged inoculation (i.e., 72 h).
On the contrary, all tested isolates of C. parapsilosis and a single isolate of C. peliculosa exhibited neither alpha nor beta hemolysis despite 72 h of incubation ( Table 1) .
As opposed to the hemolytic patterns described above for glucose-supplemented media, in experiments with glucose-free sheep blood agar, all tested strains except those of C. parapsilosis and C. pelliculosa exhibited only alpha hemolysis. The last two species produced neither alpha nor beta hemolysis.
In order to obtain quantitative data we attempted to measure the diameters of hemolytic zones relative to the inoculum size using an image analysis system. However, clear-cut zones were perceptible only in relation to beta-hemolytic activity. The margins of alpha hemolysis were rather diffuse, and hence the diameters of the latter zones were not accurately quantifiable by either naked eye estimation or the image analysis system.
The quantitative data indicated that the beta-hemolytic activities of C. albicans, C. dubliniensis, C. kefyr, and C. tropicalis were significantly higher than those of C. glabrata, C. krusei, and C. lusitaniae (P Ͻ 0.05) ( Fig. 2 and Table 1 ). Although C. zeylanoides showed a much higher beta-hemolytic activity than all other tested species, this result was equivocal as only a single strain was examined (Table 1) . Further, there was no significant intraspecies differences in the beta-hemolytic activity among isolates belonging to C. albicans and C. glabrata. Similar statistics could not be performed for the remaining species due to the small number of isolates tested in each species.
The ability of pathogenic organisms to acquire elemental iron has been shown to be of pivotal importance in their survival and ability to establish infection within the mammalian host (3, 17) . Since there is essentially no free iron in the human host, most pathogens acquire this indirectly from commonly available iron-containing compounds such as hemoglobin (2) . In order to do so, however, the pathogen should be equipped with a mechanism that destroys the heme moiety and enables it to extract the elemental iron. The enzymes mediating such activity are broadly classified as hemolysins. A complement-mediated hemolysis induced by C. albicans was reported by Manns et al. in 1994 (10) , but a perusal of the literature revealed no other reports on the hemolytic activity of non-albicans species of Candida. In the present study, we conclusively demonstrate, both qualitatively and quantitatively the hemolytic activity in a wide spectrum of Candida species belonging to 14 genera. The hemolysis so induced could be categorized according to the conventional microbiologic nomenclature as either complete (beta), incomplete (alpha), or no hemolysis (gamma). Thus the terms alpha and beta hemolysis used here to describe the different patterns of hemolysis in Candida species can only be regarded as descriptive, since the exact nature of these variants and the underlying mechanisms are yet to be explored in full.
Of the tested Candida species, C. albicans, C. dubliniensis, C. kefyr, C. krusei, C. zeylanoides, C. glabrata, C. tropicalis, and C. lusitaniae demonstrated both alpha and beta hemolysis. However, beta-hemolytic activity in these species was seen only after 48 h followed by alpha hemolysis on 24 h of incubation, whereas C. famata, C. guilliermondii, C. rugosa, and C. utilis demonstrated only alpha-hemolytic activity despite prolonged inoculation. These observations appear to suggest that alphaand beta-hemolytic activity may be a result of two or more different hemolytic factors sequentially produced by the yeasts. Thus, it is tempting to hypothesize that the erythrocytes are destroyed by a two-stage mechanism. First would be a partial destruction due to an alpha-hemolytic factor(s) generated by the relatively young colonies of Candida. Thus, the metabolic end products of the first stage may serve as a catalyst to induce the secretion of a secondary hemolytic factor(s), beta hemolysin, leading to complete destruction of hemoglobin. This hypothesis accommodates our observations related to both the alpha-and beta-hemolytic species of Candida, since some species may be devoid of an enzymatic pathway necessary to accomplish complete hemolytic activity.
The nature of the alpha-hemolytic factor(s) in microorganisms is poorly understood. Hemolysins are known to be key virulence factors contributing to the pathogenesis of common bacterial infections due to staphylococci and streptococci. In a recent study, Barnard and Stinson (1) demonstrated that the alpha-hemolytic factor in Streptococcus gordonii is hydrogen peroxide. Although C. albicans is capable of generating hydrogen peroxide (5), it is unclear whether the latter is responsible for alpha hemolysis observed in the present study. Further studies are needed to determine whether hydrogen peroxide can also be produced by non-albicans Candida species which exhibited alpha hemolysis and to examine the possible relationship, if any, between these two parameters. Although Manns et al. (10) described a translucent complete hemolytic ring induced by C. albicans, identical to the beta hemolysis observed by us, yet again there is no biochemical information on the beta-hemolytic factors released by Candida species. It may be questioned whether the hemolytic activity observed is true hemolysis or is a product of extracellular phospholipases of Candida species. This is unlikely to be the case, since only 26.4% of the 34 C. glabrata isolates used in the present study were phospholipase positive when tested by an in vitro egg yolk agar assay (unpublished data). Watanabe et al. (15) have proposed that the beta hemolysin in C. albicans is probably a cell wall mannoprotein. However, our observations cast doubt on this hypothesis, since 6 of 14 Candida species we tested were unable to produce beta hemolysis, although mannoprotein is a universal component of the Candida cell wall. One possible explanation for these disparate observations is likely to be the variation in the cell wall mannoprotein content among different Candida species. Furthermore, when the hemolytic assay was performed using a glucose-free medium, only alpha hemolysis was observed with the previously beta-hemolytic Candida species. Thus, it appears that the absence of glucose in the medium may have altered the sugar moiety of the mannoprotein in some manner leading to the loss of betahemolytic activity.
Although we have compared quantitatively the relative zone sizes of beta hemolysis among Candida species and the data showed that C. albicans, C. dubliniensis, C. kefyr, and C. tropicalis exhibited significantly higher beta-hemolytic activities than other species, it should be borne in mind that there may exist species-specific hemolysins that may vary in their molecular size and thus affect the diffusion rate. Further studies are warranted to evaluate these molecular differences, if any, in Candida hemolysins.
C. albicans is a dimorphic yeast and exists in both the hyphal and the blastoconidial phases, depending on the growth medium and conditions. Previous workers have reported that hemolysin is produced by C. albicans only when it is in the hyphal form and not in the blastoconidial form (16) . We doubt whether the hyphal form is a prerequisite for hemolysin production, since both alpha and beta hemolysis were observed with all strains of C. glabrata, considered a hyphae-negative species (7) .
The modified plate assay described in the present report is simple, reproducible, and sensitive and is a relatively fast screening method for assessing the hemolytic activity of Candida species. In clinical terms, it could be of interest to evaluate the relationship between the virulence and the degree of hemolysin production among pathogenic and commensal isolates of Candida using this method. Such studies are in progress in our laboratories.
To conclude, the findings reported here for the first time indicate that many Candida species exhibit various abilities to produce one or more types of hemolysins, the nature of which is ill understood at present. Of the common pathogenic species, C. albicans and C. dubliniensis appear to be the most prolific producers of hemolysins, in keeping with the foremost position they occupy in the hierarchy of virulence amongst Candida species. Further studies are urgently needed to investigate the nature of the hemolytic factors secreted by Candida, their utility in diagnostic terms and, last but not the least, their putative effects in the human host.
